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" PREFACE

The reported work draws on earlier development work performed by Inflation
Systems International for the Naval Air Development Center (NADC), Warminster, )
PA, under contract N62269-79-C-0210. 8

The work for NADC was intended to produce a solid propellant gas generutor inflator
replacement for the conventional carbon dioxide gas inflator for the USN MK7 :
life raft. The NADC requirement was to design a replacement solid propellant F
gas generator having maximum dimensions of 4" X 29". The diameter constraint

was approached with a T-burner design burning from cylinder center outward “
toward both ends. The length/diameter (L/D) ratio exceeded the limits for proper '

functioning and the raft (inflator) was not completely successful under that
contract.

. In working the problem, ISI developed a method of granulating ype propellant to
J2 mesh size. These granules, in turn, were lightly pressed intc the generator
chamhber. The evolved approach produced low combustion pressure coupled with a
readily tailored time-to-fill performance. This concept seemed idezlly suited
to the task of inflating life rafts and life jackets where reliability and
operational safety are of primary importance, and where inflation time needs to
vary by application.

R ot Tiies

Accordingly, ISI made an unsolicited proposal to the U.S. Coast Guard for
application of the technique to small volumes such as personal flotation devices.
The advantages of solid propellant inflator's non-leakage and uniformity of gas
generation over a broad temperature range extending down into arctic temperatures,
sugpested important life saving missions for these inflators in recreational,
comnercial marine, and military operations. In this duty, the solid propellant
approach could be demonstrated without constraint as to L/D ratio and in a small
size representing the lower end of the spectrum of such devices. Ability to
make a successful application for life jacket life volumes would show the wide
application of the concept since very large volumes (to 400 cubic feet) had been
demonstrated. ‘

e e e e

This report gives data on the successful demonstration of the solid propellant
concept for personal flotation devices.
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1.0 INTRODUCTION.

1.1 Contract Reference. This final report summarizes the results of develop-
ment work by Inflation Systems International under Uanited States Coast Cuard
Contract DTCG23-80-C-20Q031 dated 25 September 1980.

1.2 Executive Summary. The reported effort is to demonstrate the suitability
of a solid propellant iuflator (SPI) as an inflation means for/personal flotation
devices, The SPI deslgn has two sizes: 20 1b. gnd 35 1lb. These sizes refer to
the cartridge output which provides 20 pounids of buoyancy in a smaller size and
35 pounds of buoyancy in a larger configuration. The internal detail of design
and construction are the same for each, except for the size and quantity of
pyrotechnic material.

The SPI provides an improved performance for personal flotation devices
(life saving appliances such as life jackets, vests and belts, intended to aid
individual persons). The existing stored gas (carbon dioxide) gas cylinders
function sluggishly at low temperature and do not provide the rapid inflation
needed to assure survival of users. They are also susceptible to undetected
leakage under the high pressures of liquid-state storage.

The reported work developed a small solid propellant inflator with a cool
output not damaging to the personal flotation device (PFD) or the person using it.
The SPI provides rapid, reliable inflation of PFD's at all temperatures of
probable use including, particularly, arctic regions. The SPI design is approx-
imately the same size as existing carbon dioxide units, is simple in construction,
and reliable over long-term storage. It has the same simplicity in operation as
the existing CO, system.

The SPI design consists of a separable gas generator cartridge of cylindrical
shape and an actuating mechanism (AM) providing a lanyard-pull force tc cock and
fire a spring-loaded [iring pin which strikes a percussion primer in the cartridge,
igniting the pyrotechnic train. The same AM 18 used for both size cartridges.
Assembly is by screw thread. A port identical to existing PFD inlets mates with
the AM which serves as a conduit for the generated gas, delivering it to the PFD
inlet port.

The technology of the pyrotechnic is a scaled down version of similar gas
generators made by the contractor in earlier work for aircraft escape slides and
other inflatables. The technology was developed by Allied Chemical for use in
the automolive passive restraint ("air bags") systems. The delivered gas is
non-toxlc and relatively cool due to the low burning temperature and a filter bed
plus other heat control processes.

The reported testing has subjected 95 cartridges to environmental and
performance evaluations designed to indicate the ability of the concept to perform
suitably in emergency service after the expected handling and storage of marine
usage. Environmental testing was performed by an outside test laboratory. Firings
and fuanctional evaluations were performed by ISI in its plant.




2.0 PROGRAM DESCRIPTION.

2.1 Objective of Project. The project had the objective of developing and
demonstrating a solid propellant inflator for personal flotation devices.
Testing included exposure of inflators to marine and probable handling environ-
ments plus firings in model life jackets and in calibrated tanks. Life jacket
tests included dry and wet (underwater) firings.

The test program was designed to provide sufficient information to
indicate the validity and feasibility of U.S. Coast Guard approval of the concept
for use as a life saving application. The SPI would be a replacement for existing
stored gas systems which are deficient in cold weather and are susceptible to
undetected leakage in long term storage.

The solid propellant gas generator provides an improved performance for
personal flotation devices (life saving appliances such as life jackets, vests
and belts) which are intended to aid individual persoms.

The reported work was aimed to developing a small solid propellant gas f
gencrator with a cool output, not damaging to the personal flotation device (PFD) ¢
or the person using it. The solid propellant inflators were designed to provide
rapid, reliable inflation of PFD's at all temperatures of probable uses, including
particularly, arctic regions. The design criteria were to have an inflator
approximately the size of existing carbon dioxide units, to be simple in construction
and reliable over long term storage. The cartridge should be better operating than
the existing system.

2.1.1 Cxpended Cartridge Identification. An important objective of this

project was to develop a means whereby a spent cartridge could be quickly identified
so that inadvertent reloading of the jacket's inflatable means would be extremely
unlikely. The means should be readily visible and not require the cartridge to

be removed to be weigued, etc., as is the case with CO2

The problem initially appeared to be solvable with the application of
color changing paint on the base exterior of the cartridge. The storage temperature
of 160°F dictated the selection of a paint which turned color at 200°F or higher
and several paints were selected for testing.

It was quickly found that while the color change was effected on a
cartridge activated in the air, it was not when the cartridge was immersed in water.
In the latter case, readings were taken against the butt end of the cartridge : }
(an area at least as hot as any other) with the cartridge immersed in water when |
activated. The recorded temperature peaked at 135°F/140°F and decreased to ;
98°F at the end of 4 minutes. At no point did it rise above the starting !
temperature. ' ;

Following this finding, a rod was implanted on the inside wall of the ;
butt end with its end imbedded into the propellant. Color-change paint was applied ' :
to the exterior. It was believed the burning propellant would carry the generated
heat to the localized point on the generator and cause the paint to change
color at some elevated temperature. Again, when immersed in water, paint was
unaffected because of the heatsink effect of the water.




Coincident with consideracion being given to a 'window" in the cartridge
wall to enable interior color change to be observed, 1S1 cvolved a concept of
implanting a hollow tube on the Interior base of the cartridge, extending some
0.75" into the propellant. The tube diameter was 0.125" with an T.D. of about
.080". Siliconme "O" ring stock was inserted into the tube and held in place
with silicone vacuum grease. The silicone stock was then snipped off flush with
the cartridge cxterior wall.

Upon initiation of the cartridge, the silicone cord ejects from the effect
of heat c¢xpansion, leaving a visible opening in the base wall of the cartridge.

As the end of the cartridge is not covered with insulation, although
protected from advertent contact by the polypropylene/foam cover, the hole is
readily seen and the expended cartridge identified.

While molded silicone plugs may be later employed, or other materials
and configuration, IST believes the present system accomplishes the basic objective
of the program in that it is both reliable and readily visible.

2.2 Background. The technology of the pyrotechnic is a scaled down version of
gas generators made by the contractor in earlier work for aircraft escape slides

and other inflatables. The technology was developed by Allied Chemical for use

in the automotive passive restraint ("air bags') systems. The delivered gas is
non-toxic and relatively cool due to the low burning temperature and a filter bed
plus other heat control processes.

The combustion gases generated by the inflator consist of carbon dioxide
(802) and oxygen (20%), with a trace of carbon monoxide (0.5 - 0.75%). Gas
composition Lest results on file at ISI verify the absence of other toxic constituents
such o5 chlorine, hydrogen chloride, carbonyls, formaldahyde, nitric oxides, etc.

2.3 Apparatus,

2.3.1 Solid Propellant Inflator Design. The solid propellant inflator design
evolved during the work consists of a separable gas generator cartridge of
cylindrical shape and an actuating mechanism providing a lanyard-pull force to
cock and fire a spring loaded firing pin which strikes a percussion primer in the
cartridge, igniting its pyrotechnic train. Assembly is by screw thread. A port
identical to existing PFD inlets mates with the actuatlng mechanism wiich scrves
as a couduit for the generated gas, delivering it to the PFD inlet port.

The solid propellant gas generator consists of the items shown in the
figures as indicated as follows:




FIGURE TITLE

2-1
2-2
2-3

Solid Propellant Gas Generator Cartridge
SP1 Assembly
Actuating Mechanism

The design burst pressure of the carcridge is 1500 psi minimum. This is
verified by test results. The relief device is set for 1000 psi maximum.

In the event of a blocked orifice, internal gas pressure builds up in
the cartridge body until one of the two relief plugs releases. In the blocked
orifice tests conducted by ISI, release of only one of the relief devices is
sufficient to relieve the internal pressure to normal levels (200 psi). The two
relief devices are, thus, truly redundant.

2.3.2 Heat Problem. This topic will be disvussed in two parts; i.e. the
activating mechanism, then the generator (inflator).

1) AM - The current production models are formed of aluminum. In the
test program which preceded shipment, it was found that heat from the generator
was conducted to the AM to a degree that was uncomfortable. While the heated area
was confined to the section immediately adjoining the generator (with the shaft of
the AM remaining cool), the condition dictated that a study be made. As the
aluminum parts were about ¢ weeks behind their scheduled delivery, there was
insufficient time for in-depth testing of other material prior to delivery to USCG.
Concurrent with the casting of aluminum parts; ISI had, however, ordered a single
plug made of nylon, suitable for machining. The nylon AM was then tested as a
standard assembly. When the generator was fired and for the entire time of
temperature build-up following initiation, the AM remained cool to the touch or
grip. No degradation of the nylon AM was observed in repeated firings.

It appears feasible to replace the aluminum material with plastic (nylon,
delrin, glass-filled polycarbonate, etc.). The cost of the requived dies will be

significant, however, and such expense must be justified by a funded development
or high-volume production program.

2) Generator - The propellant burns at a temperature of about 900°F to
1000°F. Through a coolant medium placed at the gas exit, the gas entering the
life jacket is reduced to an average of 250°F.

lieat absorption and transfer is so rapid that the gas in a fully inflated
jacket is only a few degrees above ambient.

The body of the inflator, which has no interior insulation, reaches a
temperature of about 600°F and so must be insulated from contact with the human i
body. ISI investigated a number of approaches to the problem. The selected approach ;
provides protection AND reasonable cost. This system consists of the following:

a) Corrugated phunolic -impregnated paper is wrapped around the !
generator and inserted into, i
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b) A cardboard tube which has been similarly phenolic-impregnated.

c) Epoxy is then applied to bond the corrugated paper to the tube,
and to the generator.

d) As is commonly found on aircraft life jackets to guard against
the chill of an expended CO, cylinder, a woven polethylene/foam laminate is
used to loosely surround the insulated generator, adding heat protection to the
insulated assembly and isolating the AM from swimmer contact.

The combination inexpensively provides good protection, although
somewhat bulky.

2.3.3 Model Personal Flotation Device. An initial quantity of 230 units
(180 of the 20 1b. buoyancy size) were delivered to the USCG, Washington, D.C.
Test inflations by USCG into a stock jacket in USCG inventory failed to fully
fill the jacket, although the same inflator employed in ISI tests had pressured
the specimen 20 1b." jacket to 2 psi in 2 seconds.

Investigation disclosed that the 20 1lb. buoyancy claimed by the
manufacturer of the jacket used by ISI in the development program was actually
only 16.6 1bs., while the jacket employed in USCG tests was 22 1lbs. The
report of these findings is included as Figure 2-4.

The USCG reported that all tested units of the initially shipped 180 group
performed as claimed by ISI when fired into the ISI specimen jacket. An additional
lot, with an increase in propellant content, was subsequently forwarded to USCG
and has successfully pressured the 22 1b. plus jacket.

2.3.4 Disposal of Cartridges. Fired cartridges may be disposed of by
discarding in conventional trash receptacles. Each expended cartridge contains
approximately 10 grams of common salt, which will leak out of the fired inflator
if ic is improperly disposed of in water. This is the only significant environ-
mental eflfect of such disposition as seen by ISI, other than the physical presence
of the steel cartridge.

Unfired cartridges are best disposed of by firing the units and disposing
of the fired cartridge as above. 1In the event of a mis-fire, the cartridge should
be returned to the supplier.

Unfired cartridges present somewhat less hazard than unfired COz cylinders,
since inadvertent pilercing of the pressure vessel is not hazardous.

2.3.5 Compatibility of Pyrotechnic Elements. The pyrotechnic train of
the inflator consists of the following elements:

*
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Air temp. 720F. ; X
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On 20 Nov 81, SuniForm, Inc. measured 3 inflatable vests,
as described above, for rated buoyancy in fresh water.
The equipment used is of the type specified by the USCG,
for the purpose and the method followed is identical to
ghag commonly employed for determination of buoyancy of an inflatable

evice. |
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a) Percussion primer (M-42G)
b) Boron-potassium nitrage granules
c) Main charge propellant

As shown vn ISI Drawing 100160, Cartridge Assembly, the percussion primer
and the boron-potassium nitrate granules are in intimate contact in the 101305
Igniter Housing A-sembly These two component have a long history of compatible:
usage in thousands of military and aerospace applications. These two components
are separated from the main charge propellant by a seal (Item 14 on Assembly
Drawing 100160) and a gap of approximately .25 inches.

To prove extended compatibility of the pyrotechnic components, two
worst case tests were conducted:

1. A unit was assembled in which the boron-potassium nitrage granules
were contaminated with 25% by weight of powdered main charge propellant.

2. A second unit was assembled in which the main charge was contaminated
with powdered boron-potassium nitrage, equivalent to 50% of the booster charge. ~
Y
These two units were temperature cycled from ~65 to +165°F, 5 cycles,
then stored at +165°F for 2 days. The units were then fired at ambient temperature,
with normal results.

2.4 Tests Performed and Results.
2.4.1 Phase I Design and Development Tests. The tests were conducted for the

following purposes:

1) tstablish propellant/coolant proportions appropriate to inflation
of the specimen jackets, with gas temperatures barely above ambient.

2) Provide comparative data between CO, and SPI cartridge performance
at -659F, -40°F, ambient, and 160°F. Motion pictures (16émm) of life jacket
deployments were taken and are on file at ISI.

Tests were conducted in accordance with test procedures submitted to,
and approved by, the U.S. Coast Guard. All tests were in heavywall (''workhorse')
cylinders allowing ready refurbishment and reloading for multiple tests. Pressure-
time recordings were made with a Visicorder oscillograph. Differences were noted
in inflatable peak pressure due to the test condition described in Appendix A.

2.4.2 Test Results. Test results were as summarized in Appendix A.

10
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3.0 DESTGN VERIFICATION TESTS. A summary of the design verification test
data from 1S1 Report DVT-1019 is included as Appendix A of this report.

4.0 CONCLUSIONS.

1) The SPI provides repeatable inflation of PFD's over the temperature
range of -65 to +160°F, at pressures not less than the established minimum of 1.25
psi, and within the time of not over 3 seconds. In the Design Verification Test

Program (detailed in Appendix A), one unit falled to function after salt fog exposure.

This unit was dissected, and the failure mechanism was found to be leakage at

one of the overpressure relief pluys due to damage during welding. As a result

of this failure, the relief plug installation and welding procedures were modified
to preclude this failure mode. The new procedure has been tested, and found to
be an adequate fix,

The inflators operated at cold temperature (~65°F) sometimes produce a
peak pressure at greater than 3 seconds. In each case, however, jacket pressure
would have been above 1.25 psig at 3 seconds.

As dJiscussed in Appendix A, the peak pressures observed in the jacket
during the testing varied due to differences in residual air retained in the
jacket prior to test, and to changes in inflated volume due to variations in the
position and tension of restraining belt. Tests no. 157 and 158 exceeded the
maximum allowable of 3.5 psig for these reasons. Both of these tests weve conducted
at ambicent temperatures. The elevated temperature tests (+165°F) all produced
normal jacket pressures.

2) Actuating mechanism and gas generator are functionally compatible and
adequate. The problem of slightly high actuator temperature, as discussed in
Section 2.3.2, will be resolved by using a plastic housing in place of the current
aluminum actuator housing for production units.

3) Other sizes of gas generators can be provided by scaling upward to
larger output volumes. Some reduction in size is possible, but this conclusion
requires extrapolation rather than interpolation. Having produced a number of
much larger units for aircraft escape slides/rafts, the entire range of inflator
sizes from the PFD inflators to the raft/slide unit have shown to be available
and feasible.

5.0 RECOMMENDATIONS .

1) The aluminum housing for the activating mechanism absorbs heat from
its intimate contact with the inflator cartridge.

1SI produced a single housing of nylon which functioned in an entirely
satisfactory manner, but without heat, 1S1, therefore, recommends that the
aluminum housing be replaced with plastic.

2) The expended cartridge indicator probably needs refinements, and
in any case, should be fully tested to document its ability to withstand temperature
cycles, humidity, salt fog, shock, vibration, etc. 1ISI has no plans at present
for such an undertaking.

11
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3) Attention should be given to automatic inflation and to manual
override.

4) The matter of insulation should be investigated to find materials/
methods to accomplish the containment of heat without the present bulk. ISI
would appreciate receiving any recommendations that USCG may offer in this regard.
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1) ISI Test Procedure QTP - Design Verification Test Plan

2) Reliant Teating Laboratory Test Report 81-7505 covering environmental
testing of DVT specimens

3) MIL-STD-810C (Envornmental TEsting) covering salt fog testing of cartridges
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APPENDIX A

Summary of Design Verification Test Data from DVI-1019

bnvlronmonsql Tests Environmental tests were performed as follows:
QTP-102
Ref. Para.

Randowm Vibration 6.2.2.3
Salt Fog 6.2.2.7
Humidity 6.2.2.2
Temperature Cycling 6.2.1.5

The environmental exposures were given to nine (9) solid propellant
inflators (5 ea. P/N 100160-1 and 4 ea. P/N 100160-2). Details of the environmental

exposures are given in the outside laboratory's test report, included here as
Appendix D.

After exposures, all units were visually inspected. There was no evidence
of damage to any of the specimens as a result of random vibration, humidity, and
temperature cycling. Corrosion was noted on the two units exposed to salt fog
(one 20 1b. and one 35 1b. unit) after 48 hours exposure to salt fog.

Function Tests. A total of 63 units were functioned in the DVT. The DVT quantities

and assignment of units to the various tests are shown in Figure A-1. Figure A-l

also gives the performance data on the firing tests - peak pressure and time to pcak.

PROBLENS .

Belt Adjustment. Belt adjustment was found to have a significant effect on pcak
preqsure- This was demonstrated during Test #7, Shot LF-067, when the belt
became hooked on a portion of the test stand while the inflatable was heing
vacuumed. When inflation occurred, the belt was then not free to position itself
and became excessively tight. This was corrected 45 seconds into the test by
unhooking the belt off the test stand and allowing it to seek its own position,

but this resulted in a .4 psi pressure drop in the inflatable. .

Additional variations in ultimate pressure can occur from differences
in the extent of vacuuming of a jacket prior to packaging or to re-ise. None
of these variables are any different than what would occur from CO, inflation,
and then only apply to jacket design and operating instructions rather than
to the inflator.

Air Rctcntnqg_{g_!nflnldhle during Vacuuming. Prior to each test, each inflatable
was vacuumed down through the fitting used to measure inflatable interior pressure.
Vacuum line was then removed and pressure transducer hose was attached. Due to
stiffness of the fabric In specimen inflatables, it was difficult to achieve the'

same degree of vacuum from tcst to test,

Temperatiure recordings were taken during pre-Phase 1 testing, but were
found to be slight cause for pressure change, thus, the pressure drops [rom peak
to residual is held to be due to material stretch. This was corroborated by filling
inflatables with shop air and monitoring pressure drop over a 5-minute period.

P~ e e -




e

Repeated cycling of the two actuator mechanisms caused failures of the
mechanisms at 348 cycles and 390 cycles. While this is less than the required
500 cycles, the portion of the actuating mechanism that failed (firing pin
latching arm) 1s a qualified fuze component for Army use (Army P/N 8822514).
The part failed in a fatlgue mode: (cracking of the latching arm). Fatiguing
of this part 1is unlikely to occur at fewer than 200 cycles, which is well above
the expected requirements for life jacket applications. No other suspect
failure modes were foreseen as a result of this testing.

Test Data Summaries. The firing data for DVT units are summarized in figures
as follows:

Figure A-2 Data for Post-Environment Firings

Figure A-3 Tank Firings - 20 1b. Cartridges

Figure A-4 Tank Firings - 35 1lb. Cartridges

Figure A-5 Life Jacket Tests ~ 20 1b. Cartridges
Figure A-6 Life Jacket Tests ~ 35 lb.—-Cartridges
Figure A-7 20 1b, Cartridges -~ Combined Tank & Jacket
Figure A-8 35 1b. Cartridges - Combined Tank & Jacket

Figure A-9 All DFT Firings Combined

Original Data Recordings. Original oscillograms recording DVT are available
for reference by USCG. Copiles of any or all will be provided on request. All

original data have been regduced and are presented in the summaries of this report.

The plots and summaries provide an easier mode of reference to analyze the test
information than réference to the original raw data.

Calibration fecorda for instruments are also available for reference
as desired by the customer.

All original records will be retained for the life of the contract.
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APPENDIX B

Abstract of the Phase I Test Report - ISI TR1013

The Phase I Test Program utilized heavyweight machined housings for the gas
generating cartridge. Otherwise, the internal workings of the gas generator
were identical to the prototype design. The test program consisted of 40
developmental f[irings to establish the required propellant and coolant
proportions, nozzle sizes, etc. An additional 40 firings were made to provide
comparative data between CO, bottles and solid propellant inflators (SP1's)

at conditioning temperatures of -65°F, -40°F, ambient temperature, and +160°F.
Results of these tests are detailed in the following figure, Figure B-1.
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(f'—-" ) APPENDLX C
. IS1 Document: QIP-102

DESIGN VERIFICATIUN TEST PLAN - REVISED

6.2 DESIGN VERIFICATION TEST PLAN,

6.2.1 Tarperature/knvironmental Range.

OODE: DRY firings will be into R-1 or R-2 specimen jackets

WET firings will be into R-1 or R-2 specimen jackets
submerged in watar to 2 foot depth. Surfacing
with inflation.

TANK firings will be made to establish fixed performance
criteria for follow-on Acceptance Testing

6.2.1.1 Anbient. 20#t R-1+AM 354t R-2+AM
Dry 2 2
et 2 ' 2
Tank 3 3

6.2.1.2 Low

Tamperature, -65°F.

2 2
Vet 1 1
Tank 3 3
Dry -40°F 1 1
Tank 1 1

6.2.1.3  High Temperature, +160°F.
Dry 2 2
Wet 1 1
Tank 3 3

6.2.1.4 Surface Tenperature.

Measureents of surface temeratures will be taken in the following
manner,

a)

QTP-102

Two each 20ff and 35# speciinens, fitted with thermocouples shall,
as a minimm, be positioned to record the temperature of the aft
side wall and the gas exit end of the cartridge over a period
of 5 minutes from actuationm.

Additionally, any area of the activator which is significantly
warmed by its connection to the cartridge, or by gas expelled
from the cartridge, shall also be fitted with thermocouples
and temperature recorded.

Sheet 1 of 9




6.2.1.5

6.2.2
6.2.2.1

QrP-102 Sheet 2 of 9 ‘

The instruncntation shall be recorded continuously for a
period of five (5) minutes from actuation.

WJIE: The maximum heat generated in aircraft slide inflators
' has been found to occur within 5 minutes of activation.
It is believed the SPI for life jackets will reach
maximum tenperature within the same period, but if it
is found to be longer, the recording time will be
extended.

Tamperature Cycling.

One (1) 20# and two (2) 35# cartridges shall be mounted without
thermal protection in a facility capable of controlled temp-
erature cycling between -65°F and +1600F and subjected without
interruption through the 25 cycles.

On carpletion of the cycling, the inflators shall be fired at
anbient and performance shall be as specified in para. 6.2.1.1
(Tank) .

The cartridges will be conditioned at -65°F for 30 minutes and
then be conditioed at +160°F for 30 minutes, making a corplete
cycle every hour for 25 hours.

Tests other than Temperature.

Storage in Water.

At 2.0 ft. depth, stow exposed cartridges for 8 hours, then fire
into tank. Mecasure time and pressure to confirm normal performance
(to similate conditiom where spare cartridges or jackets are stowed
in wet bilge). Two (2) each 20# and 35# cartridges, with AMs,
shall be so tested. ]ﬁ




6.2.2.2

6.2.2.3

thad i ty/Teak e .

One (1) cach 20# and 35# cartridge shall be tested by Reliimt
Test laboratory in accordance with MIL-STD-810C, Method 507-1,
Procedure 1.

Vibration.

One each 20# and 35# cartridge, mated with AMs, to be tested by
Reliant in accordance with the following (or as modified to suit
size and type of article).

The test item shall be subjected to 30 minute random vibration in
each of three axis in accordance with the test enwvelope, shown

in Figure 1. The vibration shall have gaussion distribution.
Instantaneous peaks may be limited to three times the rms value, and
resonant modes of the test items within the test frequency range
shall be equalized or compensated. The overall acceleration shall
be recorded during each axis and shall be monitored continuously
with a true rms meter during the test to maintain the required
tolermce. The pre-test runs may be repcated if necessary to mike
spectnan corrections. Filters may be used, if needed to attenuate
signals above 2000 cps.

Random vibration spectra, when analyzed as above, shall be within
the following tolerances on acceleration power spectral density
applied to equipment under 50 pounds in weight.

Between 5 cps and 50 cps, 46 db, -3 db, —+300%, 50%
Between 50 cps and 1000 cps, +3 db, —+100%, -50%
Between 1000 cps and 2000 cps, -+ 1.5 db, —+41%, -29%

Overall acceleration must be kept within +20% and -5%.
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6.2.2.4

6.2.2.5

6.2.2.0

6.2.2.7

Drg p/Shock .

Tn accordimce with US(G directive, the test as propused, will 1
be nodified as follows:

ne (1) each 20# and 35f cartridge shall be dropped fram a o'
height onto steel plate on concrete pad.  The speciunens shall
be progranicd to successively inpact on the butt end, side
"horizontal), and orifice end firxst,

The 35# inflator shall then be mated with the AM and three
siimilar drops made, except that 'ovifice' shall Le 'pull cord".

Upon coapletion of these drops, the specinens shall be initiatad
and perfornance shall fall within the paramters of 6.2.1.1 (Tunk).

Blocked Orifice,

One (1) each 204 and 35# cartridge, mated witi /s, shall be
blocked in a non-leak mahner. ‘the cartridpe shall then be initiat-d
vhile in vicew of a high speed cimera. There shall be no frag-
rentation or action harmful to the wearer.

Water Drop.

Deleted.

Salt Foy.

One (1) cach 204 ond 35 cavtridge and one A ondt, vot matod,
will be subjected to salt fog test by Reliimt to MIL-SID-810C,
iethod 509-1, Procedure 1. 1he exposwre to salt fop shall not
deteriously «ffect the finish, nor the nmmal operation of the
parts.

Qrr-10? Sheet b ot Y




6.2.2.8

Actuating Mechimism Cyeling,

A Limyard pull fixture will be assembled for the purpose of
repetitive activation of the nechinism. A total of 500 lanyard-

pulled activatiens shall be made to prove physical capab).hty of
repetitive usage of the AM.

Yeasurament of pull force shall be recorded at the beginning of the
test ind at each 100 pull interval.

An increase or decrease in pull force in excess of TBD is not
acceptable.

Buoy:ncy Tests.

The minimum acceptable inflated pressure shall be 1.2 psi and the
maximm 3.5 psi.

QTP~102 Shecet 6 of 9




S

PHASE 111
6.3 FOGHTANGE TEST PLAN.
6.3.1 Revies Shop Travelers.
100% review shall be nade for assembly conpliance.
6.3.2 Visual Inspection. |

100% inspection shall be made of all deliverables, checking
neasurements, weight, finishes, absence of sharp surfaces, labeling,
packaging, serializing.

6.3.3 Leak Test.

Five (5) 20 and two (2) 35# cartridges shall be randamly selected
and, without AM, Veeco leak diecked. Any leak thus disclosed will be
cause for action as in para. 6.3.4.

6.3.4 Perfonmnee Verification.

Tink fire ten (10) 20} and five (5) 35# randomly selected cartridges
rmated with A's. Performance shall be normal. Any failure will be
cause for rimdom selection of a second lot for identical firing.

If my failurc occurs in the second lot, or if inwvestigation of the
failure in the Iirst lot reflects other than a mminor condition, the
entire production lot of the failed item shall be rejected.

The qumtitics specified relate to a lot build of 250 conbined
total undts (6%). Smaller lots will require proportionately less
than a cambination of 6.
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To provide a base for monitoring life cxpectancy of SPIs, the following is
planned:

From the lot comprising USCG deliverables and ISI test
specimens, ISI will preserve 20 cach of 20# and 35# SPIs.
These will be activated on the schedule outlined below,
with the unassipgned units held in rescrve for a TBD test
program for the 2nd S year period and for rescrves.

Ist Year . 1 each size, each quarter
2nd Year 1 cach size, at 6 months and year's end
ird, 4th, § Sth Ycars 1 cach size, cach ycar

Firvings will be into a Tank and time and pressure compared with that obtained in
the Design Verification Test series.

Any significant variance from the norm will be reported to USCG.
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| ‘a,
P l
i
S 'LLST SERIES RECAPITULATION
SPI for PFDs
208 ' 354
Test Para. No. v/ AM wo/AM w/AM wo/AM
6.2.1.1 7 7
6.2.1.2 8 8
6:2.1.3 6 6
6.2.1.4 2 2
6.2.1.5 1 2
6.2.2.1 2 2
6.2.2.2 1 1
6.2.2.3 1 1
6.2.2.4 1 1
6.2.2.5 2 2
6.2.2.0 1 1
6.2.2.7 1 1
6.3.3 ~ 5 2
6.3.4 10 5
Total Cartridsyes 37 10 33 9
47 42
Total AMs ’ 70
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! ! APPENDIX D Fepnet o, e - |
t Pase N0, 1 of 14 |

LETTER REPOKT L B LR L
Date o o Wly 19g] ﬁ

Y ! _ ;

|

Pevision n/C ~ \

INFLATION SYSTEMS IHTERNATIONAL
25977-1/2 Sand Canyon Road
Canyon Country, CA 391351

Inflation Systems International Purchase Order Nunber 0702
RPeliant Testing Laboratory, Inc. Jcb Nunber 81-7505

Nine (9) Solid Propellant Inflators, Part Number 1001€0-1, Serial Numbers )

6 through 9, and Part Nuiber 100160-2, Serial Numbers 1 through 5, wcre }
subjected to the following Qualification Tests, performed in accordance ;
with Inflation Systems International Purchase Order Nunber 0702 and Infla- '

tion Systems International QTP-102.

(REFERENCE PARAGRAPH) )
RANOQOM VIERATION 6.2.2.3
SALT FOG 6.2.2.7
HUMIDITY 6.2.2.2
EMPERATURE CYCLING 6.2.1.5

There was no visual evidence of damage noted to any of the specimens as a
result of the Rendom Yibration, Humidity, and Temperature Cycling Tests.

There was visual, evidence of corrosion noted to the specimens as a result
of the Salt fog Test.

Upon completion of testing, all specimens were returned to Inflation Systems
International for evaluation and final disposition.

RELIANT TESTING LABORATORY,

Xar/y G. bekett

Director, Quality Assurance @

BGB/km '

1 B 2 s s . -
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Customer INFLATION SYSTEMS Job No.  £]-7505
INTEPKATIONAL Report No. 81-7505
| Part No._l100160-1, J00160-2 Date 6 July 1981
| spec. __ QTP-102 Amb. Temp.__70° T 1(°F
‘ Para. 6.2.2.3 Fhoto _Set-Up
S/N 6, 1 Test Media__ ------
Specimen_Solid Propellant Inflators Specicen Temp. __ Anbignt 1

TEST TITLE: RANDOM VIBRATION

4
vl
INPUT ANIS X v pd g
i
RAND FREQUENCY (Hz) LEVEL SLOPE TOLERANCE B
Trom To (g/H2) (d13/0ct, ) (= dBB) ‘
o . o 3 ¢ y
1 X4 e wr T e - E
2 ) e L - S %
3 s -1 %) . - 0 E
4 o VL 2t - T
5 voo | oo ooty L« <
6 SCC \oec O - ra
7 ‘T 2cco ols! - Ty
————
8
G RMIS 12, TEST DURATION 30 MING/AXIS
ANALYZER FILTER BANDWIDTH S :
COMMENTS:
SPECHAENS 1ACUITIED VNG
PO AL BLOUKRTIS - MTANS,
LRIV

No \I\SUA\_ EVDeNCE £ DAMAAGE  toTeD
m
~ . \
Tested By é; ! d 22.::.1&- A \.' . ' L @

__WNitness




4 ! t. I( ¢ 1 S -_f'-.—‘
Jy o, SARYRIDM
Part No._ __'vted —_
Serial No. HNuted
H : "A'IL r
TEST TITLE Jol VILRATION 1.5, No. 01P-102
CUSTOMer NAMZ INFLATION SYSTENS INTERKAT'L Paragraph lo. 6.2.7.3
EQUIPMENT LIST
hee 1.0, “o. Ccl. Cue Nare 1.0. lNo. Cal. Due
- e RIS SRR B
“ R Lo N AR L EaY t!\‘fV"l F-rawm <onray (oA WM | 15 S
T -‘-w:. -n - - —— — caw———— ——— . gt " - — -
D L T o Fata A RS S N X R e LA CO~ nen
SR RIEEE AR EE R PRTE S SR WA 3 R S o W L Y C?.  py
R St LS voeat Gl ey pivrur™ gLreT?. AN 2aS
ey o~ . !
Sty
QTR 1002 P2 TIUD 1SS
g el . BTSN T RAELTANC,
R0 S S AR AN ‘;'-J.'?»-«.':?(.‘..'LE":_‘T\’T\:‘: QL
OF LEYODIA AWNEOLTIC Y 0 By
e T TR ET LMD .f v A2,
TLL@N A j
Specimen Cemplied YES Tested By % Jh’
Specimen Ceviated No Date 7Y \-\"‘ oA
hotice of Deviation Written \\IO Witnessed By Wﬁﬂ
L A J
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SERIAL NO.
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QUANTITY

2
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VT SR AT G STTA RSl Fat
L Y AR f‘g-tr
LIS S - -l L] . -
I ¥4 \ad
\u’ - N |
AR I R SEE WCELNPALE Fas N

Pr-nypti:ja‘

Mesw. . 8

eHCt ST I8 W R Tall A [ AT Y

aits SCRVA I SNl A 18

Tetuns

" No VisuaL

EVIDENCE. OFf DAMAGE NoTeD

ZiTHESSED BY:

DATE:

AN
.~

TESTED BY: '-W %r\a/\.,

A N5

DATE: Z-q\:'. s @i

skeeT 7. ofF L

POPVEN

-;%

4




.. -—
NITEA TS

—_—— I

PRRLIY I A% A UNTU
...........t..._:.\:JF....\.%.: TAA N
N

-

.3 iy A /

v,

-
g

Belivgang

L

e ————

- ———

D=5

(2




!
LN, -.\*V:PJ.—. s, .-b..}t.d)-. L\_

d__
1
]
|

My,

. o—m-p

'...L‘ ¢
! A A A i i
| — i - A . y— p— -
h | m
! | !
_ ! !
“_ "
| |
-
.
. -
. L L ]
| d e
. P
: ! - T L
T | .
. \
M. o ) _- L

1
.
L
|
|
-
\
_,&
r
| r
—_— A i .
BRIEE T
Tt

Lie]
'

[&]

D-6




[T N U BB U K 207 In

N\

| d
w \\l.\\\
. RV | S .
] . - &
' L . e N i
i A 01 l\..l\ln.r\\.:\p\{. AN ?‘K/z..l< \\\ .'
A s 5

—— e —y

n-7

k

v
Laue e

Lo e e




- e N . . , ‘
mep it e o “o

Job Mo.___81- /505

Part No.__1001i0 1.  toudn v

o Serial Ho. 9, o,
TEST TITLE SALT FOG T.P. to.  0IF-107
CUSTOMER HAME INFLATION SYSIEMS INIERUATIONAL | Paregrapn Mo. 6.2.¢.7

EQUIPHMENT LIST
Hare [.0. %No. Cal. Que hame 1.0. %o. Cal. Nue

r— o - —

CHEr B s 0208 P Tl e e e
&7&;:/141&‘522? 2202 S

| ’
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eet , of @ Date
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et bage No. 9_,._.-_.
Job tig. 18) JL05 -
Part Mo._junian-t. . 1001002
_ Serial No. 7 }
TLST TITLE HUMIDITY T.P. o. GIP-102
CUSTOMER NAME__ INFLATION SYSTEMS INTERULATIUNALE Paragraph ho. 6.2.7.2

EQUIPMENT LIST
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n
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Report No. B1-7494
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Date 6 July 1751
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Page fo. 13
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